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测定了 PEI 与 Cu2+形成的络合物 PEI-Cu 的稳定常数和平均配位数。实验结果表
明：25C，pH 4.1～5.3 时，PEI-Cu 络合稳定常数为 109.6～1010.7，平均配位数为
1.0～1.3。考查了溶液 pH对络合反应的影响，结果表明，随溶液 pH的增大，PEI-Cu
的稳定常数和平均配位数均增大。这主要是由于随着溶液 pH 的增加，PEI 中胺
基质子化的程度降低，有利于 PEI 络合金属离子。 
第四章基于第二章建立的化学理论模型，利用 GFC-ICPMS 联用技术，测定
















5.3 时，PEI-Cd 络合稳定常数为 108.7～109.7，平均配位数为 1.0～1.4。对影响络
合反应平衡的因素 pH 值进行了考查，结果显示 PEI-Cd 的稳定常数和平均配位
数也呈现与 PEI-Cu 相同的趋势，即随溶液 pH 的升高而增大。最后比较了相同






















A new method using gel filtration chromatography (GFC) and inductively 
coupled plasma mass spectrometry (ICP-MS) was developed for the measurement of 
complexation stability constants and average coordination numbers of the complex of 
macromolecular polymers with metallic ions. A novel chemical equilibrium model 
was also applied to this study. As an example, the binding of poly(ethyleneimine) (PEI) 
with M
2+
 was shown and investigated. The macromolecular PEI-M complex and 
micromolecular species of M were separated in accordance with their molecular 
weights by a low efficiency GFC column with a mobile phase of HAc-NaAc buffer, 
and then directly introduced into ICP-MS for elemental analysis. The results of 
complexation stability constants and average coordination numbers characterized by 
putting the concentration of different species of metallic elements into the equations 
of the novel chemical equilibrium model which was developed in this study. This 
online, rapid and accurate method of GFC-ICPMS is a novel technique for the 
research of polymer-metal complex. 
This thesis includes five chapters, the details are as follows: 
Chapter one introduced the properties and harms of metallic elements (Cu, Cd) 
discharged into environment water, and the removal methods of these metallic ions. 
Described the properties and application of PEI, which is the common polymers used 
in Polymer Enhanced Ultrafiltration (PEUF) technique for removing metallic ions. 
The analysis methods of the complexation stability constants and average 
coordination numbers of polymer and metal complex was summarized. Finnally 
elaborated the principle and application of gel filtration chromatography technique. 
Chapter two developed a chemical model and designed the experimental project 
of this study. According to the complexation equilibrium theory, the chemical model 
for determination of stability constants and average coordination numbers of PEI with 
metallic ions was proposed. Based on the chemical model, combine with GFC and 
ICP-MS technique, an analysis method to determine the stability constants and 
average coordination numbers of PEI with metal ions was designed. 
Chapter three determined the stability constants and average coordination 
numbers of PEI with Cu
2+
















chemical model from Chapter two. The results shown that the complexation stability 




 and the average coordination 
numbers (n) were in the range of 1.0～1.3 when pH was changed from 4.1 to 5.3 at 
25C. The effect of pH value on the binding ability of PEI with Cu
2+
 was also 
investigated which suggested that the complexation stability constants and average 
coordination numbers increased with the increasing of pH. This may due to the 
decreased protonation of amine groups on the chain of PEI molecule with the 
increasing of pH value, which is beneficial to the complexation of PEI and Cu
2+
. 
Chapter four, based on the chemical model built in chapter two, measured the 
stability constants and average coordination numbers of PEI with Cd
2+
 with the help 
of GFC-ICPMS technique. The results shown that the complexation stability constants 




and the average coordination numbers (n) were 
in the range of 1.0～1.4 when pH was changed from 4.1 to 5.3 at 25C. The influence 
of pH value on the complexation of PEI and Cd
2+
 was also investigated, which was 
shown that the changing trend of binding ability of PEI with Cd
2+
 was the same as 
PEI with Cu
2+
, that is, the stability constants and average coordination numbers 
increased with the increasing of pH. Finally, compared the value of KPEI-Cu with 
KPEI-Cd under the same conditions, and analysed the mechanism of this results in 
theory. 
Chapter five summarized the results achieved in this study, and looked far ahead 
for further research. 
 
Keywords:  Poly(ethyleneimine); Metallic ions; Complexation stability constants; 















第 1 章  绪论 
1 
 
第 1 章  绪论 
1.1  引言 
水是地球上生命存在的必需要素，在生物地球化学循环中扮演着重要的角色。
地球表面 71%的水域中，仅有 3%为淡水，且仅有的淡水资源中只有不足 1%可
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